Potentially inappropriate medications (PIMs) in older persons are defined as medications of which the potential harms outweigh their benefits. The purpose of this study was to determine how initiation of PIMs accumulate in community-dwelling persons aged 65-74 and ≥75 years, and which patient-and health care-related factors are associated with PIM initiation over time. Data of this study were gathered from population-based registers by a 10% random sample of persons (n = 28 497) aged ≥65 years with no prior PIMs within a 2-year period preceding the index date (1 January 2002), and the study individuals were followed until 2013. The Finnish Prescription Register was linked using a personal identity code to register on inpatient care and causes of deaths and socio-economic data. In this study, 10 698 (37.5%) persons initiated PIMs during the study period. Female gender was associated with PIM initiation in 65-74-year-olds, but not in ≥75-year-olds. In 65-74-year-olds, the risk of PIM initiation increased with the higher income, whereas in ≥75-year-olds, the association between PIM initiation and the high income was not significant. The prescribing physician explained 9%-16% of the variation in the probability of PIM initiation. In conclusion, there were agerelated differences in the factors associated with PIM initiation in relation to gender and socio-economic status. Overall, patient-related factors explained a large proportion of variation of PIM initiation, but there were also differences in PIM prescribing among physicians. However, physician-related variance of PIM initiations decreased during the 12-year follow-up.
reported in Sweden and Canada; aged persons using multiple medications accounted for between 40% 2 and 75% of total pharmaceutical costs. 3 Polypharmacy increases the risk of use of potentially inappropriate medications (PIMs) 4 that are defined as medications of which the potential harms outweigh their benefits. 5 It is known that PIMs can lead to adverse drug events, 6 such as increased risk of hospitalization 7 and thus higher healthcare costs. 8 Several criteria have been created to define PIM use to improve pharmacotherapy in older adults in various countries. The first ones are the well-known Beers Criteria, which were developed in the United States at the beginning of the 1990s. 5 The latest update of these criteria was published in 2015. 9 However, many national criteria have also been developed to support country-specific clinical practices and treatment guidelines, because generalizations of criteria developed in other countries may be problematic to some extent. 10 In Finland, the Database of Medication for the Elderly (Meds75+) maintained by the Finnish Medicines Agency (FIMEA) was published in 2010. 11 The database supports clinical decision-making by offering an easy and free tool for caregivers, which is intended to improve the safety of medication of those aged 75 years and over. However, these criteria can also be applied in persons aged <75 years. Based on systematic reviews, the prevalence of PIM use ranges from 12%-21% to 63%-79% in older adults depending on criteria used and study setting. 12, 13 A recent review estimated that overall PIM prevalence is more than 20% in older adults aged ≥65 years in Europe. 14 There are only a few studies about time trend, which have shown that the prevalence of PIM has been decreasing slightly despite the increasing use of medications. [15] [16] [17] However, previous studies are mainly conducted on a cross-sectional basis, and the longitudinal evidence about PIM use is lacking. The factors most commonly associated with PIM use are female gender, advanced age and polypharmacy. 12 In addition, a high comorbidity score was often found to be associated with PIM use in a recent review. 14 The results of this review also pointed out that older age is an important risk factor for PIM use, but there was a positive association in only about a half of the studies included. Other studies have also found opposite or mixed association of PIM use and age. 18, 19 Even though female gender has been strongly associated with PIM use, 12 some studies have reported that men have a greater risk to be prescribed PIMs than women. 18 In addition, previous studies have indicated that lower socio-economic status is associated with PIM use. 15, 19 However, there is still a need to identify patients with high-PIM-risk conditions. 19 A previous study found that persons aged over 80 years are more likely to receive PIMs than the younger counterparts. 20 However, this previous study did not analyse factors associated with PIM use between age groups. Another study investigated PIM use between age groups among older persons. 21 The study found that female gender is not associated with PIM use in the oldest-old (>85 years) persons. Previous research on the association between PIM use and factors related to the healthcare system is scarce. Some studies have found that the risk of PIM prescription is higher in visits to family and general practitioners compared to specialized doctors. 22 Additionally, hospital characteristics were found to be associated with PIM use, 23 but results on regional differences are mixed. [23] [24] [25] [26] Based on the previous literature, the prescribing decision is the result of the interaction of a variety of factors between patient and a prescribing physician. 27 Patient and physician characteristics are in a major part of the nature of the interaction. Reducing PIM use needs knowledge on the underlying factors associated with PIM use. Evidence is needed on the role of patient characteristics and prescribing practices (ie. the supply of services, especially the prescribing physician) for the PIM use. Study is also needed whether these associations with PIM use vary in different age groups when targeting interventions, such as medication reviews. The aims of this study were to determine (a) how PIM initiation accumulate in the Finnish nationwide sample of community-dwelling older adults aged 65-74 and ≥75 years according to the Meds75+ database during the 12-year follow-up (years 2002-2013) and (b) what is the role of patient characteristics and health care-related variables in PIM initiation.
| MATERIALS AND METHODS

| Data sources
Data of this study were extracted from nationwide registers in Finland. The Prescription Register was linked using a unique personal identification code to the Care Register for Health Care and registers on causes of deaths and socioeconomic factors.
The Prescription Register is maintained by the Social Insurance Institution, and it includes all Finnish citizens who have received reimbursement of their medication purchases. This means practically the whole population, because in Finland, all residents are covered by National Health Insurance, which reimburses medications in ambulatory care. Medication purchases for persons living in long-term institutionalized settings are not included in the Prescription Register. Information gathered from the register included each person's date of birth, gender and residential area (municipality, hospital district) and information on medication purchases (Anatomical Therapeutic Chemical (ATC) code, purchase date and physician's sickness insurance number = identification code). All medications were classified based on the World Health Organization ATC classification system. 28 The Care Register for Health Care is maintained by the National Institute for Health and Welfare, and it includes information on the use of inpatient care. The data used in this study included date of hospital admission and date of hospital discharge.
Causes of deaths and socio-economic information were extracted from the registers maintained by Statistics Finland. Socio-economic information included the spending money of household unit and the number of persons living in a household.
| Study population
The study population was constituted by drawing a 10% random sample of persons aged ≥65 years (N = 64 250, 1 January 2000) from the Prescription Register, and they were followed until 31 December 2013. We excluded those persons who used at least one PIM within the 24-month period (years 2000-2001 = washout period) preceding the index date (1 January 2002, n = 32 087) to identify new PIM initiators. In addition, we excluded those persons who stayed in hospital or another institution for over 90 days during the preceding 2 years (n = 431) or were hospitalized at the start of the follow-up (n = 318). The persons who died (n = 2460) during the washout period were dropped from the sample, as well as altogether 457 persons who had no medication information in any subsequent year after the washout period. This resulted in a final study population of 28 497 community-dwelling older persons, and their PIM initiation was followed from 2002 to 2013.
| Meds75+ database
Potentially inappropriate medications use was defined according to the Meds75+ database. 11 In the database, medications most commonly used in older persons are divided into four categories: A (appropriate for older adults), B (limited research evidence of appropriateness or practical experience or efficacy in older adults), C (appropriate for older adults only under certain conditions) and D (potentially inappropriate for older adults; Appendix S1). The database includes descriptive legend for each pharmaceutical substance, which gives information on the most common adverse reactions and interactions, the effects and dosing of the substance. The categories and legends were made by consensus in multidisciplinary working groups, which included experts in geriatrics, clinical pharmacology and physicians who worked with older persons. The database does not give information on indications or contraindications. 11 
| PIM use
A new PIM initiator was defined as a person who had purchased at least one PIM (prescription) during the follow-up period from the beginning of the year 2002, but had no PIM purchases during 2000-2001. In this study, to assess PIMs in older adults, we considered only medications in the D category (which included approx. 90 pharmaceutical substances in 2010). In addition, the dichotomous variable of PIM use was assessed for each year separately. Accumulation of PIMs was measured by calculating the number of different PIMs per participant annually and for the whole study period. The follow-up ended on 31 December 2013, death or ≥90-day hospitalization. The long hospitalization was the reason for the end of the follow-up, because the Prescription Register does not include information on medications given to patients in hospital.
| Measures and definitions
Patient characteristics included sociodemographic (age and gender) and socio-economic factors and information on morbidity based on prescribed medications. Prescribing physician and hospital district of the patient refers to health care-related characteristics. Information about individual physicians was based only on their professional identification code, which is obligatory for every Finnish physician to practice as a licensed physician. Socio-economic position was described by dividing spending money of household-dwelling unit by the equivalent number of persons (number of equivalent consumers) living in a household, and this was coded into four different income classes. The information on the number of persons living in a household was used to formulate the variable recording whether a person was living alone or not. Baseline morbidity was defined during the washout period (years 2000-2001) and was based on ATC groups (excluding PIMs in the list of Appendix S1), which were obtained as a proxy for metabolic syndrome (medications used in diabetes, A10), psychiatric disorders (psycholeptics, N05; and antidepressants, N06A), cardiovascular disease (cardiovascular system, C01-04 and C07-C10) and dementia (antidementia medications, N06D). Medications were chosen, because their indications are clear and these diseases are common among older persons. Excessive polypharmacy was defined as the use of at least 10 different medications (ATC-codes) annually during the washout period.
| Statistical analysis
Baseline characteristics of PIM initiators and PIM noninitiators were analysed using cross-tabulation and a chi-square test. Cox proportional hazards regression was used for investigating the time to the first PIM purchase (failure event) and calculating hazards for different factors associated with PIM initiation. In the Cox model, survival time was censored at the first PIM purchase or for any reason for end of follow-up, whichever came first. Models were adjusted for gender, socio-economic position, the use of antidiabetics, psychotropics, cardiovascular or antidementia medications, the presence of excessive polypharmacy, living situation and hospital district. Analyses were performed separately for those aged 65-74 and ≥75 years.
The proportional hazard assumption was tested by KaplanMeier curves.
Physician effect on PIM initiation was investigated with multilevel mixed-effects logistic regression in both the first (year 2002) and the last year (2013) of the study period. All medication purchases in study years were gathered, and the prescribing physician was defined in each medication purchase with a physician's identification code. In these models, the dependent variable was dichotomous, a person's new PIM purchase, which means that the models considered only different 'new PIM initiations'. We formulated two models; the first one was the unconditional (constantonly) model, which estimates the overall probability of a PIM event and the variance between physicians. The second model (the random-intercept model) also includes the patient-related fixed predictor variables: gender, socioeconomic position, the use of antidiabetics, psychotropics, cardiovascular or antidementia medications, excessive polypharmacy and living situation. Intraclass correlation (ICC) was determined to find out the proportion of the total variation in PIM purchases explained by the physician effect.
Only persons without any missing values of the covariates were included in the models. Results were reported as hazard ratios (HR) and odds ratios (OR). The significance level was set at 0.05. All analyses were performed using the Stata statistical package (STATA IC14.1.). The study was conducted in accordance with ethical guidelines and approved by the Research Ethics Committee of the Northern Savo Hospital District.
| RESULTS
The mean age of the study individuals was 75.6 years (median 74.5, SD 6.2), and 60.6% of them were women (Table 1) . Nearly 38% lived alone. PIM initiators were more likely women and younger compared with non-initiators. In addition, PIM initiators belonged less often to the lowest income class and were more likely to experience excessive polypharmacy than non-initiators. PIM initiators lived alone less often than non-initiators. There were minor differences between the groups with the use of psychotropics and antidementia medications, but no difference was found for antidiabetics or cardiovascular medications. The mean follow-up time of the study population was 2447 days (median 2408 days).
| Initiation of PIMs
Overall, 10 698 (37.5%) persons started using PIMs during the 12-year study period. The mean time for the first PIM purchase was 1400 days (median 1015 days). The study population started using 67 different PIMs (Appendix S1). The most commonly initiated PIM was tizanidine (14.3% of the initiated PIMs; Figure 1) . When comparing the ten most frequently initiated PIMs by age group, the ten most commonly initiated PIMs included orphenadrine instead of oxubutynin in persons aged 65-74 years, whereas in persons over 75 years, there were nitrofurantoin and theophylline instead of solifenacin and propranolol. Among women, the ten most commonly initiated PIMs were similar than in the whole study population (medications listed in Figure 1 ). The ten most commonly initiated PIMs among men included theophylline and indomethacin instead of propranolol and oxubutynin.
The mean number of different PIMs per participant was 1.1 per year. During the 12-year study period, PIM initiators accumulated on average 2.8 different PIMs. Most of the PIM initiators (45.1%) purchased the same PIM during the study period, but over 17% of the PIM initiators purchased five or more different PIMs ( Table 1 ). The highest number of different PIMs taken was 26 over the course of the study period. As a whole, PIMs (at least one) were used for an average of 2.5 years. The years were not necessarily consecutive.
| Factors associated with PIM initiation
The Cox models showed that female gender was significantly associated (HR 1.12, 95% CI 1.06-1.18, P < 0.001) with PIM initiation in persons aged 65-74 years (Table 2) . However, this association with gender was not statistically significant in the older age group (≥75 years). Income was also differently associated with different age groups. In persons aged 65-74 years, the risk of PIM initiation was the largest at the highest income, whereas in the older age (≥75 years) group, the highest income group was not associated with PIM initiation.
Excessive polypharmacy was strongly associated with the higher risk of PIM initiation (P < 0.001) in both age groups. In addition, the use of psychotropics increased the risk of PIM initiation in both age groups. There were also differences in PIM initiation between hospital districts.
| Physician and patient effects on PIM initiation
The results of the multilevel mixed-effects logistic regression models indicated that 16% of the total variance of the PIM purchases in persons aged 65-74 years is accounted for physicians in the year 2002. In older age group, the physician-related variance of PIM initiation was 11%. Thus, the physician effect was systematic but relatively small and patient factors explained a larger proportion of variation in the data. The results remained essentially the same after including the patient-related predictors in the second (random-intercept) model. In 2013, all persons were aged over 75 years and the physician-related variance had decreased to 9% (Table 3) .
| DISCUSSION
Based on this study, a high proportion (37.5%) of those aged 65 years or older initiated the use of PIM during the | 79
12-year study period. To our knowledge, this is the first study to determine the factors associated with PIM initiation in two age groups. Our study indicated that there were differences in factors associated with PIM initiation between these two age groups. We found that female gender and higher income level were associated with higher probability of PIM initiation in persons aged 65-74 years, whereas in persons aged ≥75 years, gender and high income were not significantly associated with PIM initiation. In both age groups, excessive polypharmacy and the use of psychotropics were associated with PIM initiation. Patient factors explained a large proportion of variation of PIM initiation in the data, but our study also found a physician effect, which indicated that PIM prescribing is not randomly distributed among the physicians.
One reason for the remarkable number of PIM initiators in this study might be a long follow-up. Previous studies have primarily concentrated on point prevalence instead of initiation of PIMs. The most frequently initiated PIMs were tizanidine, metoclopramide and cough medication with opioids. A recent Finnish study on PIM initiation in persons with and without Alzheimer's disease (AD) also found that tizanidine and metoclopramide were the most commonly initiated PIMs in persons without AD. 29 On average, the PIM initiators accumulated 2.8 different PIMs over the entire 12-year study period. That finding is in line with an Australian study that found the mean number of different PIMs taken was 2.2 during a 13-year study period. 17 The decision of a PIM prescription is the result of the interaction of a variety of factors between patient and a prescribing physician. This was shown, when this study indicated that patient characteristics were differently associated with PIM initiation in different age groups. For example, the gender was differently associated with PIM initiation between age groups. PIMs were initiated more often among women in the younger age group, but in the older ones, the gender was not significant. This finding is in concordance with a previous study, which found that women had higher risk of PIMs in the younger age group and not in the oldest-old group, but the earlier study included only persons aged 75 years and older. 21 A recent study from Canada also reported that increasing age had a slightly greater protective effect among women than men. 30 The finding of the higher risk of PIMs among women is in concordance with previous studies. 12, 26, 31 A potential explanation for this result may be more frequent healthcare service use among women. 32 Our new approach with separate age groups yields another interesting finding of the socio-economic position being associated differently between age groups. The risk of PIM initiation increased with higher income among persons aged 65-74 years. That is contrary to previous studies which have mainly suggested that PIM use is associated with lower socio-economic position. 15, 19, 25 Our results may partly be explained by a previous finding that older persons with higher income are using more private doctor care. 33 In both age groups, the risk of PIM initiation was also higher in the second lowest income compared to the lowest income group. As expected, excessive polypharmacy was also strongly associated with PIM initiation in our study, which is consistent with previous studies. 12, 14, 17, 31 In addition, our finding of the higher risk of PIM initiation with the use of other psychotropics (than were listed in Meds75+ database) was in line with previous studies. 34 Our results indicated that the majority of the total variation in the probability of PIM initiation was explained by patient case-mix, but it is interesting that the physician effect remained essentially the same after controlling patient characteristics. It means that the probability of prescribing PIM is not the same for all physicians, and some of them prescribed PIMs more likely than other physicians. The physician effect was smaller in the older age group in 2002. This could suggest that physicians avoid PIM prescribing when patients are growing older, which is supported by findings from previous studies that physicians attempt to be more cautious to prescribe PIMs to the oldest-old persons. 19 The physician effect was decreased in 2013, but it is noteworthy that the study population is also more selected. In addition, the increased patient heterogeneity would have a reducing effect on the differences in PIM prescribing between physicians. Previous studies have also found that PIM use by patients varied among prescribing physicians, 31, 35 but in an Irish study by Cahir et al 35 the variation between physicians was not significant after controlling patient-related factors.
The results of this study also showed that there were regional differences in PIM initiation between hospital districts. Previous studies provide mixed findings related to regional differences with PIM use. [23] [24] [25] [26] For example, studies have reported lower rates of PIMs in smaller hospitals or rural areas and regions in smaller populations. 23, 25 A study by Zhan et al 24 did not find any differences between rural or urban locations or regions after controlling for patient sociodemographic factors and health status. However, these studies were not comparable to other countries because of different healthcare systems and populations. A previous study has reported that some healthcare systemrelated factors affecting a given population's PIM use could be physician characteristics such as limited knowledge of PIMs or experiences, or organizational characteristics such as lack of time, limited applicability of PIM lists in daily practice or lack of alternatives for PIMs. 36 The main strength of this study is the large, nationally representative longitudinal 12-year data. The Finnish registers, as well as other health registers in the Nordic countries, offer a quite unique and valid opportunity to study medication use in the long term. 37 We restricted our analyses to new PIM users to avoid prevalent user bias by implementing a 2-year washout period. However, the study population might be healthier and more wealthy after the exclusions of prevalent PIM users. Our study has also a few limitations which should be considered. Firstly, the Prescription Register includes data on reimbursed medication purchases, so information on over-the-counter medications is not available. Medication purchases may not necessarily reflect the real use of medications. However, register-based information has been found to provide more valid information on medication exposures compared to self-reported data. 38 Secondly, the Finnish Meds75+ database was not published until the year 2010 and our followup already started in 2002, so in the data, there might have been changes in the prescribing practices and the availability of medications. 39 However, the first PIM criteria, the Beers, were already published in the 1990s 5 and were taken into account in addition to other commonly used criteria (Laroche, STOPP/START) when the database was composed. 11 Thirdly, our study included persons aged 65 years and over, although the Finnish criteria were developed to improve pharmacotherapy among persons aged 75 years and over. Nevertheless, the age limit of 65 years is commonly used also in other studies assessing PIMs, and the mean age of our study population was relatively high. Lastly, registers do not include information on indications, dosage or physicians' specialities. It should be noted that explicit PIM criteria do not take into account the heterogeneity in older persons. In addition, in some cases, PIMs might be needed, for example in hospice and palliative care. PIM initiation should always be carefully considered, and the decision of PIM prescribing requires always the clinical reasoning based on the indications and the assessing risks and benefits.
| CONCLUSION
A remarkable number of older adults started using PIMs during the 12-year study period. There were differences between two age groups in the factors associated with PIM initiation. For example, gender differences occurred in the younger age group (aged 65-74 years). PIM initiation was more dependent on patient characteristics, but also physicians' prescription choices and possibly differences in regional prescribing practices. However, physician-related variance of PIM initiations was decreased during the follow-up. In future studies, it appears important to investigate which physician-related factors are behind this variation, and what are the effects of PIM criteria in the reduction of PIM prescribing.
